® system may present different tolerance levels to imidazolinone herbicides in function of application rate. The objective of this research was to evaluate the phytotoxicity of different rates of the formulated mixture of the herbicides imazapyr+imazapic applied on two tolerant irrigated rice varieties. The experiment was carried out in 2015/16 and 2016/17 growing seasons. A randomized complete block design was used in a factorial 2x6 with five replications. The factor A was composed by the tolerant rice varieties Guri INTA CL and IRGA 424 RI, and the factor B by rates of the formulated mixture of the herbicides imazapyr+imazapic (525+175 g a.i. kg , plant height, shoot dry matter, SPAD index, and grain yield were not influenced (p < 0.05) by herbicide rates. The application of the formulated mixture of the herbicides imazapyr+imazapic causes low initial phytotoxicity to the tolerant rice varieties Guri INTA CL and IRGA 424 RI up to three times the recommended rate, not influencing their grain yield.
INTRODUCTION
Facing the need of alternatives to control weedy rice (Oryza sativa), tolerant rice varieties to imidazolinone herbicides of the Clearfield ® system were developed. Herbicides belonging to this chemical group act on the inhibition of the acetolactate synthase enzyme (ALS), which acts on the synthesis of the branched chain amino acids valine, leucine, and isoleucine (Sudianto et al., 2013) . Among the herbicides that are part of this group, it can be cited the formulated mixture of the molecules imazapyr and imazapic.
The plant tolerance mechanisms to imidazolinones are related to mutations where there is substitution of amino acids in the structure of the ALS enzyme, reducing sensitivity to these herbicides (Tan et al., 2005) . In Brazil, the first imidazolinone-tolerant irrigated rice variety commercially licensed was IRGA 422 CL, developed from the lineage 93-AS3510, which in turn was produced by mutagenicity by the agent ethyl-metanesulfonate (Sudianto et al., 2013) . Posteriorly, other rice varieties were developed, considered as second generation varieties as IRGA 424 RI and Guri INTA CL. In 2016/17 growing season, these varieties were responsible for 64.3% of the total rice field in the state of Rio Grande do Sul, Brazil, being that the first variety alone accounted for 43.9% (IRGA, 2017) . Despite its considerable expressiveness on the rice productive chain in that state, the knowledge about the tolerance level of IRGA 424 RI to imidazolinone herbicides is limited due to its shorter usage time in relation to Guri INTA CL, which has been in the market for the longest time.
In irrigated rice, the responses to different herbicides of the imidazolinones chemical group, as well as to different rates, are dependent of the variety tolerance level, which may result in greater or less phytotoxicity to plants (Avila et al., 2005; Levy Junior et al., 2006) . In function of the constant growth of resistant weeds as weedy rice, barnyard grass, and plants from cyperaceae family (Norsworthy et al., 2013) , the increase in herbicide rates has been an increasingly common practice, which warns researchers and producers about the increase in phytotoxicity caused by imidazolinone herbicides in rice fields.
The utilization of high rates of herbicides from the imidazolinones chemical group in rice varieties with little known tolerance can result in damage to irrigated rice cultivation. Thus, the objective of this research was to evaluate the phytotoxicity of different rates of the formulated mixture of the herbicides imazapyr+imazapic applied on two tolerant irrigated rice varieties.
MATHERIAL AND METHODS
The experiment was carried out in the field during 2015/ 16 and 2016/17 growing seasons, in the municipality of Santa Maria, RS, Brazil (29°43'S 53°43'W). The climate of the region is characterized, according to Köppen classification, as subtropical humid (Cfa) without dry season (Alvares et al., 2013) . The soil of the experimental area is classified as Eutrophic Arenic Hexic Planosol, with the following chemical characteristics in the layer of 0 to 0.1 m: pH water (1:1) = 5.8; effective CTC = 7.6 cmol c .dm In the 2015/16 growing season, the herbicide application occurred only in post-emergence, in V 3 stage (Counce et al., 2000) , before irrigation establishment. In 2016/17 growing season, the application was split in two moments because of the lower precipitation during seeds germination in relation to the previous growing season, which allowed entry into the field. Thus, 50% of rate was applied in preemergence (S 3 stage) and the rest was applied in V 3 stage. It was added to the spray mix the adjuvant Dash HC (0.5% v/v). A backpack sprayer pressurized by CO 2 (275 kPa pressure) was used coupled to a spray boom with four flat-type nozzles (Teejet XR110015 model), 0.50 m spaced, with an application rate of 125 L ha Brazil (Sosbai, 2014) .
Soil temperature was monitored during initial period of rice cycle by sensors connected to a datalogger model HOBO U30, Onset brand, positioned in the 0-0.05 m layer of the soil. Air temperature and precipitation were obtained through the automatic meteorological station of 8° Disme/ Inmet, 600 meters distant from the location of the experiment. Air and soil temperature, as well as precipitation data, are in Figure 1 .
It was evaluated phytotoxicity in rice plants 7 and 14 days after herbicide application in V 3 stage (DAA), attributing percentages based on leaf color, width, and growth, where zero represented absence of phytotoxicity and 100 plant death (Frans et al., 1986) . At 7 and 21 DAA it was performed the counting of the number of stems in a 0.17 m 2 area per experimental unit, being data posteriorly converted to stems m -2 . Plant height was obtained by the collection of 20 plants in sequence in the second planting row, also at 7 and 21 DAA, being measured from the first node of the stem base to the end of the last expanded leaf with a ruler. The same plants were oven dried at 65 °C for the determination of shoot dry matter. In the same days it was estimated chlorophyll content by SPAD index, in 10 plants per experimental unit, doing the measurements in lower, middle, and upper third of the last expanded leaf with a chlorophyll meter SPAD 502 DL model, Minolta brand. Rice harvest was performed when grains were Rev. Ceres, Viçosa, v. 66, n.2, p. 102-107, mar/abr, 2019 presented mean humidity degree of 22%, in a useful area of 4.08 m 2 per experimental unit. After cleaning and weighing the grains, data were corrected to 13% of humidity and converted to kg ha -1 . The analyzed variables were submitted to the test of the presuppositions of the mathematical model (normality of the errors and homogeneity of the variances). The variance analysis of experiment data and significance of qualitative factor means (rice varieties) was performed using the F test (p < 0.05). The means of the quantitative factor (herbicide rates), when significant, were submitted to polynomial regression analysis. For the phytotoxicity data the transformation was used.
RESULTS AND DISCUSSION
In the 2015/16 growing season there was significance (p<0.05) only to herbicide rates in the phytotoxicity evaluations. There was an increasing behavior in that percentage as herbicide rate increased (Figures 2a and 2b) . At 7 DAA it was observed a maximum value of 7.5% in the highest applied rate, while at 14 DAA there was an increase of 1% for that same rate in relation to the previous evaluation. In the recommended rate (140 g c.p. ha -1 ), at 7 DAA, it was obtained a percentage of 1.5%, and in the following evaluation no symptoms were observed.
In the 2016/17 growing season, besides the significance for herbicide rates, difference was also observed (p < 0.05) between rice varieties (Figures 2e and 2f) , however there was no interaction between factors. In the evaluations performed 7 and 14 DAA, the variety IRGA 424 RI presented phytotoxicity percentage 50% higher in relation to the variety Guri INTA CL. Levy Junior et al. (2006) found up to 78% of phytotoxicity in the tolerant rice variety CL 121 in the V 3 -V 4 stage, while in the variety CL 161 the maximum value obtained was 13%, which evidences differences of tolerance between varieties. However, it is emphasized that in the present study the observed values were low, being 6.2% the maximum percentage obtained. To the herbicide rates factor, the behavior was similar to the previous growing season (Figures 2c and 2d), with maximum value of 13% for the 420 g c.p. ha -1 rate in both evaluations. These results corroborate with Marchesan et al. (2011) where there was observed phytotoxicity close to this value (17%) in the tolerant variety IRGA 422 CL, with application in pre and post-emergence of the formulated mixture of the herbicides imazetha pyr + imazapic in the rate of 75 + 25 g a.i. ha-1.
In general, it was observed higher phytotoxicity in the second growing season. This fact may be explained in parts due to the lower soil and air temperature during initial period of rice growing (Figure 1 ), in function of the planting has been carried out earlier compared to the first growing season. Low temperatures reduce the cytochrome P450 monoxygenase activity in plants, which acts in the phase I of the metabolism of several herbicides, among them the ALS inhibitors (Siminszky, 2006) . However, it is important to highlight that in both growing seasons the phytotoxicity percentages found are considered low, slightly harmful and recoverable by the plants, being that 21 days after herbicide application it was not observed phytotoxicity of any applied rate on the two studied rice varieties. The number of stems m -2 , plant height, shoot dry matter, SPAD index, and grain yield were not significantly influenced (p < 0.05) by herbicide rates in both varieties in the two studied growing seasons (Table 1) . In these evaluations, there was significant difference (p < 0.05) only between varieties, except for shoot dry matter 7 DAA in the first growing season and for number of stems m -2 7 DAA and grain yield in the next growing season.
Imidazolinone-tolerant rice varieties can have the ability to detoxify herbicide molecules of that chemical group and recover from injuries caused by their application, as long as the plants are in optimal conditions for their growth and development (Webster & Masson, 2001) . Therefore, the adequate crop management as top-dressing nitrogen fertilization in up to five days after herbicide application in post-emergence, as well as the establishment of irrigation in sequence contributes to the mitigation of the herbicide effects (Avila et al., 2009) . In study of Sousa et al. (2014) , it was observed that the photosynthetic apparatus of the rice variety Puitá INTA CL was injured by the application of the commercial rates of the herbicides imazapyr+imazapic and imazethapyr+imazapic. However, 30 days after application no further damage to plant metabolism was observed.
Although not causing severe damage to the two tolerant rice varieties studied, it is important to emphasize that imidazolinone herbicides have high persistence in the soil, being that their sorption is higher in soils with low pH and high organic matter (Kraemer et al., 2009a) . In this way, the utilization of high rates may hamper the growing of crops in succession and rotation with Clearfield ® rice as ryegrass in the off-season and imidazolinones non-tolerant rice in the next growing season (Kraemer et al., 2009b; Bundt et al., 2015) . Furthermore, this practice can lead to increased selection pressure, increasing the possibility of emergence of new resistant weeds. Thus, it is recommended that the rates recorded for the crop are used.
ACKNOWLEDGMENTS
The authors thank the Coordination of Superior Level Staff Improvement (CAPES) by the scholarship to the first author, to the National Council for Scientific and Technological Development (CNPq) by the financial support and by the research productive scholarship to the second author, and to the Research Support Foundation of the State of Rio Grande do Sul (FAPERGS) by the scholarship to the third author.
CONCLUSION
The application of the formulated mixture of the herbicides imazapyr+imazapic causes low initial phytotoxicity to the tolerant rice varieties Guri INTA CL and IRGA 424 RI up to three times the recommended rate, not influencing their grain yield. 
